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Hn  iitpcrUiit  declgn  crittfrion  for  R4ey  stxuc* 
toros  i»  tiwir  crtop  characteristics.  Creep  is  the 
ttt-dapeadant  strain  shSch  occurs  in  a  Material 
imter  stress.  It  is  often  amsitfered  to  be  a  hi^> 
tm^natan  pbenoaenen  ahidt  is  not  necessarily 
true.  It  is  true  that  ct«^  is  asre  of  a  priest 
in  ..^-tei«»rature  structures,  but  in  soae  Mater« 
ials  it  aust  be  t^en  into  accoimt  in  the  design 
of  radinary  and  even  low>t«Bperaiiae  structures. 

Most  loM-tenperature  structures  are  desisted 
with  stress  liaitations  detersdned  Ly  the  yield, 
ultiaate,  or  fatigue  strengtii.  The  iapact  and 
notch-strength  properties  say  al^  be  lixitlng 
factors.  If  each  of  these  is  satisfied  and  the 
a»teriai  tends  to  creep,  the  design  stress  nay  very 
■ell  be  liidted  by  the  creep  strength. 

Design  uwally  involves  three  typee  of  straint 
thezaal,  elastic,  and  plastic.  Thcrsal  strain  is 
re<»ver^la  but  aust  be  considered  if  a  substantial 
dtange  in  taaperature  is  contci^lated.  Elastic 
strain  is  proportional  to  the  stress  and  thia 
process  is  also  coapletely  reversible.  Plastic 
strain  ia  assentially  pemanent  viitb  excaptioo 
of  a  vary  ottll  recovery  ehich  for  practical  pur- 
poaas  is  uwally  ignored.  RMtic  strain  can  ba 
obtained  in  tw  Myst  (1)  instantaneously  by  ex¬ 
ceeding  the  proportional  Halt,  and  (2)  by  aiiintain- 
i:tg  a  stress  for  a  period  of  tine.  The  latter,  of 
cimrse,  is  creep. 

lib  are  priswrily  eweemed  here  nlth  the  tine- 
dependent  ctrain,  or  creep.  Each  of  the  other 
types  of  strain  is  perhaps  egually  inportant  but 
will  not  ba  discuss^  here.  Me  will,  however,  have 
to  concern  ourselves  with  clastic  and  instantaneous 
plastic  strain,  since  it  is  difficult  to  Isolate 
titen  ccn^letely  frens  a  discussion  of  creep.  Mh^ 
a  creep  test  is  per'omed,  an  isothcmal  condition 
it  asttaaed,  arxi  themal  atraina  are  excluded  from 
consideration.  The  load  produces  an  clastic 
strain,  idileh  ia  proportiOTSl  to  the  stress,  and 
if  d>ave  the  proportional  lisdt,  sons  plastic 
strain.  For  titaniun  alloys,  a  ralstlvaly  hl^ 
surest  ia  usually  racpiired  to  produce  creep  at  low 
tsi^-nrature.  This  oftm  mwtt  that  the  proportion¬ 
al  Unit  of  the  material  has  been  axceaded,  result¬ 
ing  in  a  certain  neount  of  initial  plastic  strain. 
Thartfora,  ^rcep  nay  be  isportmt,  but  thermal, 
al attic,  and  inatmtsnsoua  plastic  strain  cannot  be 
a.:nluded  fn»B  design  considerations. 

IMs  nota  is  concerned  solely  with  the  low- 
teaparstui.'  creep  propertlts  of  tt>e  Ti-S/U-2.58n 
T1-6AI-4V  alloys.  In  sestssing  thss#  proper¬ 
ties  of  these  msterlsls,  It  is  iis^rtant  to  note 
that  a  fairly  wide  spread  in  their  tensile  proper¬ 
ties  has  been  reported  in  the  Htersture.  This  is 
particularly  true  for  the  TI-6A1-4V  alloy  which  can 
be  heat  treated  to  moderately  high  strengths.  As 
a  reference  point  in  this  discussion,  Table  1 
li.ts  the  tensile  properties  wihleh  are  typical  of 
those  which  are  being  achieved  on  current  production 
material.  Values  are  included  for  both  the  normal 
t-vl  "extra-low  Interstitial"  (Ell)  grades. 


TJBLE  1.  TypiCAL  mbmmiscil 

pBsxmtwsW 


ms,'  YS,  PL, 

1000  iOOO  El«igaticn,RA  1000 
Alloy  Condition  psi  psi  %  %  |»i 


SiU-2.5Sn  Annealed 

125 

117 

18 

40 

6A1-4V  Annealed 

138 

i:^ 

12 

43 

• 

6Al-4y  Heat  treated  170  1S6 

EU  Grade 

8 

54 

147 

bAl-2.5Sn  Afwnalcd 

110 

95 

20 

6A1-4V  Atnealed 

13a 

127 

15 

In  the  past,  deviations  as  graat  as  per 
cent  from  the  TaUe  I  values  have  btan  reported 
for  both  alloys.(^)  These  deviatims  zeflaet 
earlier  differences  in  processing  histories  as 
wall  as  in  the  cheaiatry  of  individual  haata. 

Thia  wide  latitude  In  tensile  pttM>mrties  ei^lains 
why,  in  several  earlier  stoidies  at  least,  the 
creep  stresses  used  in  sonc  instances  exceed  the 
yield  and  evan  ultimate  strength  values  of  current- 
production  naterlel. 

It  was  gcnarally  believed  that  tha  Ti-SAl- 
2.$Sn  mi  Ti-6A1-4V  alloys  do  not  creap  at  room 
temperature.  There  isey  be  sone  Justification  for 
this  belief,  again  dependii^  on  the  specific  heat, 
^  cheniatxy,  the  stress  level,  and  processing 
variables  of  the  particular  lot  of  nstarial.  There 
is  evidence,  however,  that  the  Ti-0Al-2.5Sn  alloy 
does  creep  at  roo«  temperature,  as  shown  by  several 
investigators.  Sone  creap  tasts  on  ahaet  material 
fay  North  Anarlcan  Aviation,  Inc. ,'3)  although 
United  to  only  three  hours  of  test  tian,  clearly' 
show  creep  occurring  at  streases  of  100,000  to 
120,000  psi  (Tritla  2).  Mthou^t  it  is  difficult 
stt«Bptlng  to  astsbllsh  a  mlninixB  eraap  rate  in 
Mch  a  short  time,  indications  are  that  tha  creep 
rata  at  100,000  pat  ia  last  thmi  0.0(^  per  hour. 
Stresses  in  excess  of  typiesl  yield  and  even  ulti- 
ijate  strength  values  are  notad. 


TALE  2.  SHORT-TIME  CREEP  DATA  FOR  MOiEALEO  Ti- 
»Al-2.5Sn,  O.&W-GASE  a€ET  AT  KXM 
tbs^atureO; 


Total  Elongation  for  Indieatad  Tims, 


Stress, 

per  cti 

it 

psi 

0.6S  hr 

0.3  hr 

1.0  hr 

3.0  hrs 

vo.joo 
lie, OX 

1.3 

(SM  in  0.03  hr) 
2.0  2.7 

3.5 

115, ox 

..1 

1.2 

1.2 

1.3 

105, OX 

0.95 

0.95 

0.95 

0.97 

lX.CX 

0.87 

0.91 

0.92 

0.93 
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S«t«  dbtAiwd  by  wi  annealed  7i- 

alloy  at  xo^  tcsperaturc  ^)o«  very 
aieillaQr  results, (T^e  3).  Here,  tt»  creep  tests 
Mere  Mnductcd  A  stresses  rar^in?  frna  90,000  to 
215,000  pal  for  tines  lotiq  mough  to  estea>iis’.  a 
alniana  creep  rate.  Eoo»<'4eaperature  ultiaete  and 
yield  stmgth  property  values  for  Heat  No.  B>2724 
me*  134,000  a>Hi  124,000  psl,  re^sectively,  obtained 
St  a  strain  rate  of  0.001  in./iii./cin.  The  propor- 
t!«!e'  lialt  for  this  heat  of  asterial  Is  100,000 
fwi,  tit  elongation  is  18*,  and  the  94  48.61L 

In  each  of  the  tbe/v*  sets  of  data,  the  elas¬ 
tic  straiii  c«i  he  calculated  and  subtracted  fron 
the  total  by  using  m  elastic  sKhilus  of  lAout 
15.5  X  lOP  pti. 

Sme  linited  data  fron  the  Marine  Engineering 
Lstorstory'!^)  shon  the  folloning  properties  of  the 
Ti-5Al--2.;^  elloyi 


Yield 

Strength, 

. -P*l  . 

Creep 

Stress, 

_Pfl 

Yield 

Strei^th, 

_ 

liae, 

hrs 

Creee, 

In./ifi. 

Tensile  Creep 

123,400 

97,100 

79 

664 

0.0042 

123,400 

97.100 

79 

9S3 

0.0091 

C(»®ressive  Creep 

137,CC0 

100,600 

73 

11^ 

0.0(»6 

Sene  fairly  extensive  creep 

date  Mere  ciqjplied 

by  North  Aoerican  Aviationl^/  on  ELI  grade  of  tiw 

7i-5Al-2.3Sn  alloy.  These  data  are  tisonn  in  Table 
4  for  tiitet,  plate,  and  forging  stock  at  reosi  tm*' 
perature  and  in  the  stress  range  of  64  to  92  per 
cent  of  the  yield  strength. 

AiResesrch>'^}  made  ^oe  creep  data  available 
obtained  from  subzero  (-320  F)  tests  m  the 


T«LE  3.  SUMUflY  OF  ROOH-TEWEa/iniRE  CREEP  RESULTS  CN  ^HOSALED  Ti-5Al-2.5Sr.  (Heat  No.  R-2724)(4) 


Test 

Total 

PlMtic 

Test 

mniiajo 

Tim  to 

Time  to 

StMSS, 

103  psi 

Oef., 

Oef., 

Duration, 

Creep 

IX  Oef., 

Rupture, 

IX  Def.. 

% 

X 

hr 

Rate,  %/hT 

hr 

hr 

T(20  log  t) 

115.0 

19.5 

19.5 

41.6 

0.19 

0.05 

41  a6 

10. i 

IIO.O 

19.5 

19.5 

339.6 

0.019 

0.15 

339m6 

10.35 

1<».0 

5.7 

4.82 

1362.4 

0.00075 

5.0 

• 

11.2 

100.0 

3.3 

2.'' 

120B.4 

0.00050 

20.0 

• 

11.5 

T«LE  4.  SUfifARY  OF  ROCM-TENPERATURE  CREEP  DATA  OH  Tl-5Al-2.5Sn  (ELI-GRADE)  TITANIUH  ALLOY<6) 


Stress, 

psi 

Yield 

Strength, 

X 

Creep  Strain 
I  hr  10  hr' 

in  Time  Given,  per  cent 

100  hr  500  hr  Final 

Test 

Duration 

hrs 

82,200 

73.- 

0.007 

Sheet 

0.007 

0.02 

0.024 

741 

82,200 

73.7 

- 

- 

0.02 

- 

0.033 

741 

81.500 

86.500 

60.0 

65.0 

Negligible 

0.07 

156 

156 

92,000 

90.0 

- 

- 

- 

- 

2.03 

156 

82,500 

7V,0 

Piste 

0.1 

23 

84,500 

79.0 

• 

m 

0,2 

24 

86,500 

81 .0 

« 

m 

• 

0.4 

24 

89,0(» 

83.1 

ee 

- 

• 

»• 

0.5 

23 

91,000 

85.0 

m 

- 

- 

- 

1.5 

23 

74,600 

64.7 

«•  e» 

0.023 

0.04 

0.05 

742 

80,700 

70,0 

0.015 

0.04 

0.08 

• 

0.12 

360 

87, IOC 

75.5 

0.C6 

0.15 

0.23 

0.31 

0.33 

6C0 

87,100 

75.5 

0.025 

0.08 

0.14 

0.23 

0.24 

000 

90,000 

80.4 

. 

- 

• 

1.1 

23 

90,000 

83.4 

. 

. 

. 

• 

3.1 

25 

90,000 

73.3 

- 

- 

2.4 

24 

90,000 

83.4 

- 

- 

- 

Rupture 

2.3 

95,000 

83. C 

- 

- 

- 

- 

Rupture 

62 

95,000 

83.0 

- 

- 

- 

6.0 

46 

99,50) 

86.2 

0.07 

o.:7 

0.33 

C.!^l 

0.53 

600 

10‘ 

91 .6 

0.5 

- 

- 

4.75 

Rupture 

578 

Ti'>&iti>2.SSn  Alloy  sheet.  Test  $»n>cedures  in¬ 
cluded  the  usual  condition  of  reaching  test  teai- 
perstuTC  (-320  F)  prior  to  lo^ll^  the  speciaen. 
llomver»  a  deviation  fro*  creep-test  proc«- 

dure  involved  taking  creep  readings.  It  sms  neces¬ 
sary  for  the  qieciaens  to  stabilize  st  rooai  teap- 
ersture  for  each  strain  reading.  These  data  are 
suasarized  in  Table  5. 


TilBlF  CREEP  MD  SHORT-TK  lERSlIE  IWPEifilES 
OF  Ti-5Al-2.5Sn  KLUOt  Kt  -320  FU) 


Stress, 

Yield 

Strength, 

Cress  Strain  in  Given  TiaasM 

pal 

% 

1  hr  9  hr  1C  hr' 18  hr  90  hr 

lloraal  Grade* 


167,900 

89 

No 

atsaursabls  creep 

187,190 

99 

0.24 

0.48  0.60 

ELI  Grads 

193,600 

89 

0.169 

0.660  0.979  1.08  1.08 

Tensile  Properties  Tensile  Properties 

Before  Creep  Testing  /tfter  Creep  Testing 


illtlnate 

Elon-  ultimate 

Elon- 

Tensile 

Yield 

ga-  Tensile 

Yield  ge- 

Strength, 

Strength, 

tion.  Strength, 

Strength,  tleni 

_ E*l _ %. _ P»^ .  ,.P»1 


Nonnal  Grade* 


204,000  W7,00C 

188,670  100,670 

12  -  -  - 

ELI  Grade 

17  199,000  192,000  17 

*  Comoosition  of  Normal  Grade  Material 

Ai  -  5.23* 

H,  -  37  ppm 

Sn  -  2.60* 

C,  -  0,130* 

Fe  -  0.28* 

C"  -  0.02* 

Hn  -  0.63* 

N  -  C.012* 

Low-tcaperatuze  creep  data  on  the  Ii-6A1-4V 
alley  are  less  prevalent  thin  on  the  Ti-5ia-2.SSn 
alloy.  Since  sufficient  data  ari  unavailable,  it 
is  not'clearly  evident  to  uhat  csttcnt  the  alloy 
creeps  at  low  tesperatures. 

Soae  work  by  Mallory-SharenC^}  indicstas ' 
tiiat  at  stxessaa  of  84,000  to  104,000  pel  (80  to 
79X  of  VIS),  creep  does  occur  In  the  Ti-6ill-4V  alloy 
at  TOO*  tesperaturoi  Most  of  tha  test  speciacns 
were  prestressed  about  10  per  cent  in  exceas  of  tho 
craep  stress  prior  to  actual  ertep  tasting.  The 
effect  of  the  prestressing  is  not  clearly  shOMt. 

creep  rate  seews  to  be  rather^,  independent  of 
the  stress  as  shown  in  Tablets  and  In  Figuro  1. 

The  reason  for  this  nay  be  that  ^  axtansewetev 
had  io^ficiant  acnsltlvity.  In  fact,  tha  rtfar- 
encew  asntionad  that  graatar  aanaltivity  than 
vst  usad  would  bt  nteded  for  furthar  taats. 

Son*  further  indirect  tvidtnc#  tends  to  show 
thst  the  alloy  does  exaap.  LarsonfiUllor-typo 
parawater  curves  prepared  by  llawCru(9tlO)  giyf  the 
following  resultst 

Stres^for  O.M(  Plastic  Strain  In  Indicated  Tina 
-  ,  XO  w  -  1000  hr 

143,000  psi  138,000  ^i  133,000  pal 

Ultiamta  and  yield  strength  values  were  not  avsil- 
able  for  this  lot  of  naterlal.  It  Is  fairly  evi¬ 
dent,  hoMver,  that  the  strength  of  this  waterlsl 
was  ^ve  idist  is  txw  eontidared  as  typical  for 
annealed  material.  No  information  it  given  that 
the  data  ware  obtv^ined  directly  from  room- 
tenpersture  creep  tests.  It  is  possible  that  they 
were  derived  from  higher  temperature  tests  or  fro* 
short-time  tensile  tests,  ilnother  source'll'  gives 
the  information  that  a  atreas  of  about  134,000  psi 
will  produce  ’’0.2X  plastic  creep"  in  fOO  hours  in 
the  Ti-6A1-4V  alloy  sheet  at  80  F«  Lidieation  was 
that  the  data  were  obtained  from  vendor  sources. 


TABLi  6.  ROOM-TENPERAIURE  CREEP  OF  Ti-6Al-4V  ALLOY  BAR(R) 


Heat 

No. 

Stress, 

psi 

*  Permanent 

Strain  In 

500  hr  1000  Hr 

Creep  Rate, 
i^ours 

Ultimate 

Tensile 

Strength, 

psi 

Yield 
Strength 
0.2*  Offset, 
psi 

24273 

104,000 

0.01 

O.OZ 

0.00002 

148,000 

141,000 

24273 

104,000 

0.01 

0,03 

0.00002 

148,000 

141 ^000 

29176 

104,000 

O.OC5 

0.005 

O.OOOOl 

135,000 

131,000 

29176 

104,000 

0,32 

0.30 

0,00005 

135,000 

131,000 

29176 

91,000 

0.06 

0.09 

0.00006 

135,000 

131,000 

29176 

91,000 

0.12 

0.15 

0.00006 

135,000 

131,000 

29176 

64,000 

0.16 

0.18 

0.00002 

135,000 

131,000 

29176 

84,000 

C.14 

0.21 

0.00013 

135,000 

131,000 

31151 

104,000 

0.25 

0.36 

0,00022 

133,000 

132,000 

31151 

104,000 

0.-,25 

0.37 

0.00022 

133,000 

132,000 

31151 

91,000 

0.02 

0.025 

0.00001 

133,000 

132,000 

31151 

91,000 

0.03 

0.03 

- 

133,000 

132,000 

31151 

84,000 

0.05 

0.06 

0.00002 

133,000 

132,000 

31151 

84,000 

0.06 

0.08 

0.00004 

133,000 

132,000 

(0  All  specimens  heat  treated  at  1300  F  for  1  hour  and  AC. 


(2)  All  spoclmfr.s  preloaded  two  cycles  10*  over  the  creep  stress. 
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fn  investigation  of  Telaxation  properties  of 
the  Ti-6JU-4y  alloy  {heat  treated)  was  carried  out 
by  Korthrop  AircraH,  Inc. (^2)  tests  indicated 
that  no  creep  occurs  at  rooa  ten^jerature  at  a  stress 
of  96,2C0  psi  over  a  period  in  excess  of  1200  hours. 
ThiSi  however,  is  a  relatively  low  stress  for  the 
particular  heat-treated  condition  used.  Thus,  the 
particular  let  of  material  had  an  ultimate  tensile 
strength  of  171,500  psl,  0»2%  offset  yield  strength 
of  162,500  psl,  K.  of  1-47,500  psi,  lb%  elongation, 
ASiif  reduction  of  area  at  tenperature.  Re¬ 
laxation  tests  by  Horthrop(^2)  en  the  same  lot  of 
T1-6A1-4V  alloy  at  0  F  shewed  signs  of  relaxation 
(*mlch  rasults  from  creep)  at  an  initial  stress  of 
99,000  pal. 

A  susraty  of  the  available  creep  data  on  the 
Tl-5Al-2.5Sn  and  the  Ti-6A1-4V  alloys  at  room  tem¬ 
perature  if.  presented  in  Figure  1.  Also  shown  in 
this  figure,  for  cos^arison  purposes,  are  creep 
rates  for  two  grades  of  unalloyed  titanium  (A-55 
and  A-70).  .Minlnun  creep  rates  are  not  necessarily 
the  best  way  to  show  creep  strengths  since  they 
ignore  primary  creep.  However,  the  creep  rates  are 
the  best  data  available  for  showing  comparative 
values  of  the  various  alloys. 


(11)  Schaefer,  W.  K.,  Fceisch,  6.,  and  Krohn,  F. 
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General  Dynamics  Corporation,  ASTIA  Docianent 
No.  255311  (September  1,  1960). 

(12)  Chinn,  J.  I-.,  "Titanium  and  Titanium  Alloy 
Fasteners",  Northrop  Mrcraft  Corporation, 
ASTIA  Document  No.  156053  (February,  1958). 

(13)  "The  Engineering  Properties  of  Coameircial  Ti¬ 
tanium  Mill  Products",  TML  Report  92  (Juna  4, 
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